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Substantial data have established a sedentary lifestyle as a major
modifiable risk factor for coronary heart disease (CHD). Increased
levels of physical activity, exercise training, and overall cardiores-
piratory fitness have provided protection in the primary and second-
ary prevention of CHD. This review surveys data from observational
studies supporting the benefits of physical activity, exercise train-
ing, and overall cardiorespiratory fitness in primary prevention.
Clearly, cardiac rehabilitation/secondary prevention (CRSP) pro-
grams have been greatly underused by patients with CHD. We
review the benefits of CRSP programs on CHD risk factors, psy-
chological factors, and overall CHD morbidity and mortality. These
data support the routine referral of patients with CHD to CRSP
programs. Patients should be vigorously encouraged to attend
these programs.
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AHA = American Heart Association; CHD = coronary heart disease; CRF =
cardiorespiratory fitness; CRSP = cardiac rehabilitation/secondary pre-
vention; CV = cardiovascular; ET = exercise training; HF = heart failure;
hs-CRP = high-sensitivity C-reactive protein; MET = metabolic equivalent;
MetS = metabolic syndrome; MI = myocardial infarction; PA = physical
activity; SCD = sudden cardiac death

And a healthy physical condition is spoiled by inactivit
and inertia, but on the whole, is preserved by exercise.
Platd

he American Heart Association (AHA) has estak

lished a sedentary lifestyle as a major modifiable ri
factor for coronary heart disease (CHDYnfortunately,
despite overwhelming evidence promoting an acti
lifestyle, approximately 70% of US adults are sedentary
relatively inactive, and nearly half of young people are n
regularly physically activé.

We review the benefits of physical activity (PA), exe
cise training (ET), and cardiorespiratory fitness (CRF)
primary and secondary CHD prevention, as well as the r
of formal cardiac rehabilitation/secondary preventig
(CRSP) services. The 1996 National Institutes of Heal
Consensus Conference Statement on Physical Activity &
Cardiovascular Health defined PA as “bodily moveme

tion of energy via aerobic metabolism for PA or ET. Car-
diorespiratory fitness is probably more highly associated
with overall risk of CHD than are PA and ET. However,
CRF is directly influenced by the performance of regular
PA and ET and is also considerably affected by age, sex,
and underlying chronic diseases, as well as by genetic
factors®

OBSERVATIONAL STUDIES AND
PRIMARY CHD PREVENTION

No randomized trials of the effects of PA and ET on the
primary prevention of CHD or other cardiovascular (CV)
outcomes have been conducted because of various method-
ological and ethical issué$lowever, substantial evidence
from several lines of investigation supports the role of
occupational and leisure-time PA and ET as well as CRF in
reducing risk of CHD mortality. Observational studies and
short-term ET studies suggest a causative role for physical
inactivity and low CRF in the development of CV disease.
The potential benefits of regular ET are listed in Table 1.
Many studies have documented an inverse association
between job-related PA and overall CHD risk. Among
- these studies, Taylor ef@&valuated PA and CHD risk in
sk over 190,000 US railroad workers and showed that death
caused by &erosclerosis was more frequent in the relatively
e sedentary clerks (relative risk, 2.0) and moderately active
or switchmen (relative risk, 1.5) than in the section men who
ot had high PA. Morris et &ktudied PA in 667 male London
bus drivers and conductors and determined that CHD was
much lower for the more agg @nductors than for the
n drivers (age-adjusted relative risk, 1.8). Paffenbarger and
pleHale' followed up 6351 San Francisco longshoremen for
n 22 years and determined that death attributable to CHD was
th inversely associated with job caloric expenditure (relative
and
nt
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EXERCISE TRAINING AND CARDIAC REHABILITATION

TABLE 1. Potential Benefits of Exercise Training health care professionals were followed up for 5 years; the
Related to coronary heart disease risk factors multivariate adjusted relative risk for the most active
Increases serum high-density lipoprotein cholesterol levels women (>1500 kcal/wk) vs the least active women (<200
Reduces serum tiglyceride and possibly low-density lipoprotein | ca|ik) was 0.75¢ Importantly, PA was protective for
Reduces indices of obesity women with CHD risk factors, such as obesity, dys-
lReduceS arterllal blood _p_ressuge | evel lipidemia, and cigarette smoking. Tanasescu'ésaldied
mproves insulin sensitivity and glucose levels . . _
Improves endothelial function 44,452 US men enrolled in the Health Professionals Fol
Helps with smoking cessation efforts low-Up Study (HPFS) and confirmed a significant inverse
y REdlllce_S psychological stress dose-response association between total PA and risk of
ematologic . . .
Decreases hematocrit and blood viscosity CH[_). Moreover, thesg !nvestlgators fqund thgt running,
Expands blood plasma volume rowing, and weight training were associated with reduced

Increases red blood cell deformability and tissue level perfusion CHD risk, and higher intensity of PA was directly related to
Increases circulatory fibrinolytic activity

Other risk reduction. Therefore, they concluded that increasing
Increases coronary flow reserve the volume of PA, increasing the intensity of PA from low
Increases coronary collateral circulation to moderate and from moderate to high, as well as adding

Increases tolerance of ischemia . L . .
Increases myocardial capillary density weight training to other aerobic PA, were important to

Increases ventricular fibrillation thresholds reduce CHD risk in men.

Reduces atherosclerosis _ Several studies have assessed the effect of PA in older

EZZ??LVS'”mcgjf)?srﬁ(s)ﬁ)ﬁ’é?&rgﬁ‘é ‘;?;?Pa"’l‘lg', artery size cohorts. Hakim et &istudied 2678 men aged 71 to 93 years

in the Honolulu Heart Program. During a 2- to 4-year
follow-up, men who walked less than 0.25 miles per day,

risk, 1.8 for light PA and 1.7 for moderate PA vs heavy 0.25 to 1.5 miles per day, and more than 1.5 miles per day
PA). However, these studies are now principally of histori- had mortality rates of 5.1%, 4.5%, and 2.5%, respectively.
cal interest because few jobs today require the level of PAIn a study of 73,743 postmenopausal women aged 50 to 79
described in these studies. years in the Women’s Health Initiative Observational

Many studies have examined the effect on CHD end Study?® both walking and more vigorous PA or ET were
points of varying levels of leisure-time PA. In an analysis associated with statistically significant and similar reduc-
of the Harvard Alumni Study, Paffenbarger and Hyde tions in CHD and CV events. Likewise, Kushi &f atud-
used an index of energy expenditure based on self-reporteded 40,417 postmenopausal lowa women aged 55 to 69
PA and ET in 16,936 men followed up from 1962 to 1978. years and showed that PA assessed by a mailed question-
After adjusting for age, smoking, and hypertension, they naire was associated with a graded inverse association with
showed an inverse association between habitual PA andill-cause mortality.
first myocardial infarction (MI), and they also noted a Perhaps the most impressive data on the association
cardioprotective advantage for more vigorous ET over lessbetween PA and ET and CV risk comes from studies that
strenuous PA. In a subgroup analysis of this cohort, partici-estimate CRF by maximal graded treadmill stress testing.
pants who expended more than 1000 kcal/wk had a 20%Although many investigators have used self-reported ques-
lower CHD event rate than those who had les$?RAwas tionnaires to show the importance of PA on CV and CHD
later reported that, after adjusting for total energy expendi-morbidity and mortality, Blair et &% who studied more
ture, the duration of individual episodes of PA had no than 13,000 men and women at the Cooper Clinic with
independent effect on CHD rigk. approximately 8 years of follow-up, have shown that CRF

Other groups have also noted the inverse associatioras determined by maximal treadmill testing is a better
between PA and CHD risk. In an analysis of PA quantified predictor of prognosis than self-reported PA scores. Blair
by 48-hour recall of 17,944 British male civil servants et af® categorized patients by CRF as low, moderate, or
followed up for an average of 8.5 years, Morris ét al high on the basis of treadmill exercise performance. Al-
showed that the age-adjusted relative risk of CHD eventsthough relatively few CHD deaths occurred in this popula-
for men reporting nonvigorous PA vs those reporting vig- tion of relatively young people, the CHD death rate de-
orous exercise was 2.2. In an analysis of 72,488 womencreased dramatically with increased levels of CRF in both
followed up for 8 years in the Nurses’ Health Study, a sexes (Table 2). Although persons who are overweight or
graded, inverse association existed between the amount obbese have lower levels of CRF than those who are lean,
PA and CHD event®.The multivariate adjusted relative Wei et at* showed that obese persons with at least moder-
risk for the women with the highest PA vs those with the ate CRF have lower rates of CV disease and about half the
lowest PA was 0.66. In the Women'’s Health Study, 39,372 all-cause mortality compared with unfit peers of normal
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EXERCISE TRAINING AND CARDIAC REHABILITATION

weight. These results are remarkably similar regardless of TABLE 2. Rate of Death Due to CHD by Fitness Level:
which obesity indices are used (eg, body mass index, per- The Aerobic Center Study

cent body fat, total fat mass, or waist circumference) and Men Women
are consistent in both sexes and for men with type 2 diabe- No. of participants 10,224 3120
tes mellitug*?-2’"Moreover, Blair et &f also showed that, Age (y), mean 415 40.8
relative to persons who remained unfit over time, persons Eg:g}’(‘;b“uﬁn(q?nary finess lovel 8 8
who improved their CRF category over time experienced Low 24.6 74
an age-adjusted relative risk of 0.48. Moderate 78 2.9

High 3.f 0.8

Other groups have confirmed the association between
CRF and CHD risk. In a cohort of 1960 Norwegian men Zgg;;gr?rsn:réggigfisseggzé cutofie
who were followed up for an average of 16 years, astrong ¢ p2c” ot o CHg’per 10.000 person-years.
inverse association between CRF and CHD risk was found, pata fromJAMAZ
with relative risks for quartiles 2, 3, and 4 of 0.59, 0.45, and
0.41, respectively, compared with men in the lowest CRF of this testing® Perhaps the most powerful predictor of
quartile?® Roger et &P followed up 1452 men and 741 prognosis from treadmill testing comes from the estimation
women from Olmsted County, Minnesota, for approxi- of exercise capacity or CRF, a factor often neglected when
mately 6 years; after multivariate adjustment, only peak evaluating the results of this testing.
treadmill workload or estimated metabolic equivalents
(METSs) were associated with their outcome measures of
cardiac death, nonfatal MI, and heart failure (HF). For
every 1-MET increase in CRF, CV events were reduced by
25% in both sexes. Goraya et!alollowed up 3107 Those who think they have no time for bodily exercise will
Olmsted County, Minnesota, residents for a median of 6 sooner or later have to find time for iliness.
years and found that each 1-MET increase in CRF reduced Earl of Derby?®
CV events by 14% and 18% for younger and older (>65
years) persons, respectively. In a study of 2534 men with- Several observational studies as well as randomized
out a history of CV disease and with a “normal” exercise trials have assessed the benefits of PA and ET in cohorts
treadmill result, Myers et &lreported that each 1-MET  with established CHE. Perhaps the best example of ET
increase in exercise capacity conferred a 16% improve-and secondary CHD prevention comes from the formal
ment in survival. Gulati et &linvestigated a cohort of 5721 CRSP programs. We and others have published findings
asymptomatic women who underwent a baseline treadmillsupporting the beneficial effects of ET for CRSP in patients
testto assessCRF in 1992 and who were followed up until with CHD as well as peripheral arterial disease. Table 3
the end of 2000; they found that the Framingham risk score-summarizes the benefits of such ET programs, and Table 4
adjusted mortality risk decreased by 17% for every 1-MET identifies the types of patients who are candidates for them;
increase in CRF. From the same cohort, these authors estalbhis topic has been reviewed in detail elsewl&fe.
lished the prognostic value of a nomogram for exercise One of the potential benefits of CRSP services is the
capacity in women; the risk of death among asymptomatic promotion of weight reduction. The “obesity paradox” has
women whose exercise capacity was less than 85% of thatreated controversy regarding the role of weight reduction
predicted for their age was twice that among women whosefor patients with established CV diseases. Several studies
exercise capacity was at least 85% of the age-predicted valubave suggested that obese patients with CHD, HF, and
(P<.0001)* They also confirmed this effect in a referral hypertension have a better prognosis than lean patients
population of 4471 additional women who underwent symp- with CV diseasé?®%2 Other studies have shown the safety
tom-limited stress testing for CV symptoms. Meta-analysesand efficacy of weight loss for patients with CFi¥*
of 24 studies have shown a powerful association between PAParticipation in a CRSP program has been shown to reduce
and overall CRF and major health outcofés. the prevalence of the metabolic syndrome (MetS) by
A detailed discussion of all factors to consider in clinical 37%?3° A substantial body of data points to the importance
treadmill testing is beyond the scope of this review. Al- of elevated high-sensitivity C-reactive protein (hs-CRP) as
though clinicians often focus on whether findings on a a CHD risk factor and predictor of CHD evefftRatients
stress test indicate ischemia or its absence on the basis afith MetS have considerably higher levels of hsCRP than
ST-segment responses or imaging modalities, many otheido other patients (Figure ¥and both groups show signifi-
factors, including heart rate recovery, heart rate reservecant reductions in hs-CRP after CRSP programs. Although
and ventricular ectopy, strongly affect the prognostic value improvements in hs-CRP appear to be independent of

EXERCISE TRAINING IN SECONDARY
CHD PREVENTION
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TABLE 3. Benefits of Cardiac Rehabilitation
and Exercise Training Programs®

TABLE 4. Indications for Early Outpatient Cardiac Rehabilitation
and Exercise Training Programs

Improvement in exercise capacity
Estimated METs: +35%
Peak \D,: +15%
Peak anaerobic threshold: +11%
Improvements in lipid profile
Total cholesterol: 5%
Triglycerides: —15%
HDL-C: +6% (13%-16% increase in subgroups with low HDL-C levels)
LDL-C: —2%
LDL-C/HDL-C: =5% (higher in some subgroups)
Reduction in obesity indices
Body mass index: —1.5%
Percent fat: 5%
Metabolic syndrome: —-37%
Reduction in inflammation (hs-CRP level: —40%)
Improvement in autonomic tone
Improvement in blood rheology and viscosity
Reduction in homocysteine levels
Improvements in behavioral characteristics (depression, anxiety,
somatization, and hostility)
Improvements in overall quality of life and its components
Reduction in hospitalization costs
Reduction in overall morbidity and mortality (especially that associated
with depression and psychological distress)

aHDL-C = high-density lipoprotein cholesterol; hs-CRP = high-sensitivity
C-reactive protein; LDL-C = low-density lipoprotein cholesterol; MET =
metabolic equivalent;®, = oxygen consumption.

Adapted fromVasc Dis Prey#* with permission.

weight loss and statin theragfywe recently noted marked
reductions in hs-CRP levels in obese patients with CHD

Post-myocardial infarction and acute coronary syndfome
Post—coronary artery bypass graftihg

Post—percutaneous coronary interverftion

Stable angina pectofis

Valve replacement/repéir

Heart or heart/lung transpl&nt

Advanced heart failuPe

Asymptomatic coronary heart disease

Patients with high risk of coronary heart disease

aCovered by Medicare and/or most insurance.
bCurrently being considered for Medicare/insurance coverage.

sured by gas exchange (peak oxygen consumption or mea-
sured METS) in patients with CHD. In general, studies
have shown m#éed overestimation of CRF, particularly
after a training prograff®? However, both studies using
estimates and direct measurements of CRF have shown that
CRF strongly predicts subsequent prognosisin studies
of 12,169 meff and 2380 wometreferred for CRSP ser-
vices, a 1-mL/kg/min increase in peak oxygen consumption
directly measured by gas exchange was associated with an
approximately 10% decrease in CV mortality. For every 1%
increase in peak oxygen consumption after ET, CV mortality
is reduced by 2%. Although patients with lower baseline
exercise capacity may derive greater improvements in CRF
after CRSP, patients with higher baseline exercise capacity
also derive substantial benefits.

Essentially all patients with CHD take statins and have

after a CRSP program, whereas lean patients had onlylow-density lipoprotein cholesterol levels at or near goal.

slight and nonsignificant declines in hs-CRP after the pro-
gram® In a small group of 45 obese patients with 5% or
more weight loss (average 10%) after CRSP, we noted
significantly more improvement in exercise capacity and

However, many patients have abnormal high-density lipo-
protein cholesterol and/or triglyceride levels, which signifi-

plasma lipid levels than in the 81 obese patients who did
not lose weightéIn a preliminary analysis of a much larger
sample, we noted that overweight or obese patients
with CHD who lost weight showed significantly greater
improvements in CHD risk factors, including levels of
hs-CRP, blood lipids, and glucose, and this group had
slightly lower mortality, but the difference was not statisti-
cally significant® Most importantly, a recent Mayo Clinic
study of 377 consecutive patients enrolled in CRSP ser-
vices showed the benefit of weight loss on composite end
points (mortality plus major CV events), including benefits
even among those with a body mass index less than 25 kg
m?, as well as in patients with CHD who were overweight
or obese? Despite the obesity paradox, data from CRSP

Il vets [ No Mets
P=.01

5. |

4-
~ P=.01
o 34
£
&
S 21
o
Ny

1-

0

Before After

programs confirm the safety and efficacy of purposeful

weight loss in secondary CHD prevention.

Through CRSP programs, CRF can be improved_ Major FIGURE 1. Median levels of high-sensitivity C-reactive protein (hs-

discrepancies may exist between estimated exercise capaé—

RP) before and after cardiac rehabilitation and exercise training in
atients with and without the metabolic syndrome (MetS). From Am

ity (estimated METSs) and exercise capacity directly mea- J cardiol,® with permission.
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Is an important
CHD risk factor

Is highly prevalent
in cardiac practice

May trigger acute
cardiac events

Psychosocial
stress

Commonly
masquerades as
cardiac symptoms

Forms a barrier to
medical interventions

Is linked to behavioral
and cardiovascular
risk factors

FIGURE 2. Several reasons for interest by medical practices in the evaluation and
treatment of psychosocial stress. CHD = coronary heart disease. Adapted from J Am Coll
Cardiol,® with permission.

cantly improve (+6% and —15%, respectively, with much United States} Although women and elderly people had
greater improvements noted in subgroups with greaterlower participation rates (odds ratio, 0.45 and 0.23, respec-
baselineabnorméities) after CRSP”% Likewise, we and tively), 3-year survival adjusted for baseline factors was
others have shown significant beneficial effects of CRSP onconsiderably better in participants (95% vs 64%6,001);
markers of inflammatioP?;>® autonomic functiori®-"2 blood most importantly, the benefits of CRSP were even more
rheology?® homocysteine levelé,and endothelial functiofi. marked in 1998 than in 1982. Su&gssessed CRSP among
Perhaps the most important effect of CRSP is on major600,000 Medicare patients, finding that CRSP participants
CV morbidity and mortality. Unfortunately, most of the had a 34% reduction in mortality during 1- to 5-year follow-
many randomized controlled trials of CRSP that included up; the benefit was 19% greater in those who attended at
ET have not been large enough to adequately assess majteast two-thirds of the CRSP sessions. Moreover, those with
CV events. However, several meta-analyses have ad- HF had a greater benefit than those without HF. Finally, in a
dressed this issue. In 1989, O’Connor ét@érformed a  preliminary report from Japan, supervised ET has been re-
meta-analysis of 22 randomized studies of ET and CHDported to improve survival in patients with peripheral arterial
risk factor intervention in 4554 post-MI patients followed disease. After a mean follow-up of 5.4 years, event-free
up for an average of 3 years. Compared with control pa-survival was higher in those who completed supervised ET
tients, those randomized to ET had reductions in totalcompared with those who did not (81% vs 57%).
mortality, CV mortality, and fatal Ml of 20%, 22%, and
25%, respectively. There was also a significant 37% reduc-
tion in sudden cardiac death (SCD) at 1 year with strong
trends in favor of CRSP at 2 and 3 years that were not
statistically significant. No significant effect on the risk of It is exercise alone that supports the spirit, and keeps the
nonfatal Ml was found. A more recent meta-analysis by mind in vigor.
Jolliffe et al/” including 8440 participants from 32 trials, Cicerc*
was published in the Cochrane database. It found a 31%
reduction in CV mortality associated with CRSP. A recent  Considerable evidence indicates that psychological fac-
study from Olmsted County, Minnesota, reviewed 1821 tors are strong risk factors for CHD and adversely affect
patients with MI, 55% of whom participated in CRSP (a recovery after major CHD events (FiguréZ¥In fact, the
many-fold higher participation rate than in most of the AHA has recently targeted the evaluation and treatment of

PSYCHOLOGICAL RISK FACTORS
AND CRSP SERVICES
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Depressed patients with CHD have 3-fold higher mor-
351 tality than do nondepressed pati€tit§s.Moreover, de-
P=0005 pressed patients with CHD who attend formal CRSP ser-
807 vices have nearly a 70% reduction in mortality risk (Figure
25 3).85We also showed that patients whose functional capac-
< ity does not significantly improve continue to have a high
< 20- prevalence of depression and a high mortality risk. In con-
% trast, patients who have either a mild improvement in func-
g 151 tional capacity (eg, 0%-10% improvement in peak oxygen
10 consumption) or who have a more marked improvement in
functional capacity (>10% improvement in peak oxygen
51 consumption) have equal and marked improvements in the
prevalence of depression and mortality risk (Figure 4).
0 These results suggest that only small improvements in
Control Treatment exercise capacity may produce profound improvements in
group group . . .
depression and depression-related mortality. Although
these data were specifically collected in patients with es-
FIGURE 3. Effect of cardiac rehabilitation and exercise training on tablished CHD, we think that these data may also be appli-
mortality rates in 139 patients with baseline depression. From Am J cable in primary CHD prevention.

Med,®® with permission.

depression in patients with established Cilizting CRSP UNDERUSE OF CRSP PROGRAMS

services as a major therapeutic modality to decrease depresFhere are risks and costs to a program of action, but they
sion and its associated risk&lthough most of the attention  are far less than the long-range risks and costs of comfort-
has been directed at depressichother adverse psycho- able inaction.

logical characteristics, including anxi€ty® hostility 5 John F. Kennedy

and total psychosocial stre€8}*2may also be significant

CHD risk factors. In this regard, we have demonstrated Despite the well-proven benefits of CRSP programs,
reductions of between 40% and 70% in the prevalence ofsubstantial data suggest that many eligible patients are not
depression, anxiety, and hostility after formal, early outpa- referred to these programs and others are not vigorously

tient CRSP service§ encouraged to attend; as a result, an extremely large num-
VO, loss Mild VO, gain High VO, gain
(n=102) (n=135) (n=285)
204 Mortality = 15.2% Mortality = 5.5%* Mortality = 4.0%*
P=NS P=.004 P<.001
18 1
16
—~ 14 1
S
9 12 4
< 10 A
Q
S s
g
a 61
4 4
2 J
0 A
Baseline  Follow-up Baseline  Follow-up Baseline  Follow-up
Depression

FIGURE 4. Prevalence of depression and subsequent mortality based on changes in peak
oxygen consumption (\702) during cardiac rehabilitation and exercise training. *P<.001
compared with \7O2 loss. From Am J Med,®® with permission.
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ber of patients who survive a major CHD event do not TABLE 5. How to Increase the Use of CRSP Services®
receive CRSP servicés*%In fact, Suaya et &P reported Make CRSP services a high priority
that only 50,000 (18.7%) of 267,427 Medicare-eligible g_fiuc?ft; r;atier]}ts a?d pdhysiciﬁns

. . H implify the referral and enroliment process
patients older than 65 years with a major CHD event (Ml or InCrease resources for CRSP Senices

coronary artery bypass graft surgery) in 1997 actually par- Expect more from CRSP services
ticipated in a CRSP pr_ogram, a number that probably hasaCRSP = cardiac rehabilitation/secondary prevention.
not changed substantially over the past 15 to 20 years.pata fromCirculation® J Cardiopulm Rehahff and Nat Clin Pract
Although program participation was very low in nearly all Cardiovasc Med®
subgroups assessed, participation was particularly low in
elderly persons, women, nonwhites, those of lower socio-cardiopulmonary stress test as well as peak oxygen con-
economic status, those with substantial comorbidities, andsumption P<.0001). However, the primary end point of
those with a long travel distance from the patient’s home toall-cause mortality or hospitalizations was reduced by only
the CRSP center, with particularly low rates of attendance7% in the ET groupR=.13). After preplanned adjustment
in the southern compared with the midwestern United for confounding factors (baseline exercise capacity, ejec-
States. Although Suaya’s stuélydocumented that more tion fraction, Beck Depression Inventory, and history of
than 80% of eligible patients older than 65 years did not atrial fibrillation or flutter), there was an 11% reduction in
attend CRSP programs, other studies have suggested thidae primary end point among patients randomized to ET
limited use of these services in younger patiéts’ Im- (P=.03). The unadjusted secondary end point of CV mor-
provement in the use and effect of CRSP services will tality and HF hospitalization was also not significantly
require intensive efforts and likely a multifactorial ap- reduced®P=.06) but was reduced by 15% after adjustment
proach (Table 5). (P<.02) in the ET group. Unfortunately, peak oxygen
consumption increased only 5% in the ET group, much
EXERCISETRANG I cHRoNG E (5% 19 1, e smale vnforizes Wi one of e
AND VALVULAR HEART DISEASE . L . . .
exercise maintained by the intervention group, especially
For patients with stable, compensated chronic HF, ET hasduring the nonsupeised ET program, and the possibly
provided substantial benefits, reducing symptoms, improv- higher than expected level of ET in the usual care arm.
ing CRF, decreasingeurohormonal activation, improv- Nevertheless, these data provide further support for the
ing quality of life, and possibly reducing CV morbidity safety of ET and its at least modest efficacy in preventing
and mortality?>°* More than 30 randomized controlled major CV events in HF, in addition to its more substantial
trials of ET in patients with HF have been published; effects on functional capacity and health-related quality
however, the number of participants in the individual of life.
trials was quite sma#:12 A meta-analysis reported that Detailed discussions of the role of CRSP services in
average improvement in peak oxygen consumption wasmanagement of valvular heart disease have already been
17%. ExTraMATCH (Exercise Training Meta-analysis of published®™>%"and such a discussion is beyond the scope
Trials with Chronic Heart &lure) was acollaborative of this review. Patients with valvular heart disease also
meta-analysis of nonparallel controlled trials of ET in 801 often have concomitant CHD, and CRSP services are now
patients with HE During a mean follow-up of just under reimbursed by Medicare and other payors.
2 years, those randomized to ET had a 35% reduction in all-
cause mortality. Taken together, these data have allowed
ET to have a class | indication in HF.

A major randomized trial of ET and HF (HF-ACTION As already discussed, regular ET and PA provide protec-
[A randomized Controlled Trial Investigating Outcomes of tion against major CV events. However, during an intense
Exercise Training]) has just been completédhis land- bout of ET, the risk of SCD or MI is transiently in-
mark trial randomized 2331 patients with HF to supervised creased® Unfortunately, in the lay press, this information
ET for 3 months followed by nonsupervised ET vs usual often receives much more publicity than do the marked
care. Most of these patients had class Il HF and an averagbenefits of ET and PA? In an analysis of 1228 survivors
ejection fraction of only 25%; in 52%, the HF had an of acute MI, 5% of cases seemed to be triggered by heavy
ischemic etiology. Patients were treated with contemporaryexertion!'® However, the annual incidence of exercise-
maximal HF medications. Importantly, ET was shown to related SCD in previously healthy persons is only 5.4 per
be safe in these patients with advanced HF. Those random100,000"® This incidence is 56 times higher than at rest
ized to ET had significant improvements in time on the for sedentary men, whereas the risk is only 5 times higher

RISKS DURING INTENSE ET
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TABLE 6. Exercise Prescription in Primary and Secondary using elliptical trainers, and aerobic dancing. Recumbent
Coronary Heart Disease Prevention cycles, treadmills, and recumbent combination arm/leg
Mode b ) Walkina. ioqci i o ) machines are commonly available in CRSP programs. Re-
Aerobic exercise alking, jogging, cycling, swimming, rowing, . . . )
stair climbing, elliptical trainers, and aerobic S|stance (strength) trglnlng 2 to 3 times weekly on noncon

dancing secutive days, consisting of 8 to 15 slow repetitions to

Resistance training  Hand weights, elastic bands, weight machines, moderate fatigue using 8 to 10 different exercises for both
Duration calisthenics upper and lower body, has been shown to be safe and to
Aerobic exercise At least 20-30 min (preferably 45-60 min) improve strength and quality of life for our patieftsA
Resistance training ~ 10-15 repetitions; 1-3 sets of 8-10 different detailed update of the health benefits and safety of resis-
Frequency exercises for both upper and lower body tance training, its effect on CV structure and function, its
Aerobic exercise Most days (at least 5 diwk and preferably 6-7 diwk) role in modifying risk factors, its benefits in special popula-
Resistance training ~ 2-3 sessions weekly (nonconsecutive days)  tions, and prescriptive methods has recently been published
|nteAnzlr%/bic exercise 50%-75% of peak oxygen consumption or by Williams et at' of the AHA. ReSIStance trgmlng maY
close to anaerobic threshold or 65%-85% of ~ also reduce fractures and falls in elderly patients and im-
maximal heart rate or 60%-70% of heartrate  prove insulin sensitivity and glucose metabolism.
ref(sefg‘l’fefn%&?etéﬁztcsr{;"éﬁab?ﬁgg;f;esvce;lgfof Patients should be advised to exercise for at least 30
Perceived Exertion can also be used minutes (preferably 45-60 minutes to provide more caloric
Resistance training  Moderate intensity (should not be straining on burning) on most days (at least 5 and preferably 6 or 7 days
last repetitions) per week). In CRSP programs, we usually provide intensity
recommendations on the basis of cardiopulmonary stress
test results, ie, the target heart rate is set close to the
for physically active me#! The risk of Ml during ET is  anaerobic or ventilatory threshold (60%-70% of peak oxy-
increased 2 to 6 times higher than at rest, more so ingen consumption}/**8In patients with an exercise stress
relatively sedentary persons than in those who engage irtest performed without gas exchange, the target heart rate
regular ET:® Women, however, experience a much lower is set at 65% to 85% of the maximal heart rate or 60% to
risk of SCD during heavy ET than do néh. 70% of the heart rate reserve and at least 10 beats/min
Survey data from the 1980s and 1990s enable analysibelow the level of any exercise-induced symptomatic or
of the incidence of major CV events in patients with CHD silent ischemid™ In patients who are able to prove that
enrolled in CRSP programS.Although these events are their heart rate corresponds to a certain level of perceived
very serious when they occur, the rate per 1,000,000 paexertion, the Borg Scale of Perceived Exertion can be used
tient-hours of ET for cardiac arrest, acute MI, and cardiacto more easily monitor exercise intensity'* Because
death were only 8.6, 4.5, and 1.3, respectively. In all likeli- stress test results may be unavailable in primary preven-
hood, better medical management with revasculariza-tion, ET intensity can be recommended at a moderate level
tion, statin therapy, and more potent antiplatelet agents(the patient should be able to speak during ET but should be
has probably further reduced these rates during the past 2xercising with enough intensity to prefer not to speak for
decades. most of the ET session). If a 10-point scale is used to
describe ET intensity, with O describing rest and 10 de-
scribing the highest intensity possible, most exercise
should be performed in the 5 to 7 intensity range.
Prescription of aerobic exercise involves 4 factors: modes
of activity, frequency, duration, and intensity (Tablé!6).
Similar recommendations are appropriate for both primary
and secondary prevention of CHD in middle-aged persons.Regular ET and PA and maintenance of high levels of CRF
Contraindications to ET are similar to contraindications for have a role in reducing CHD risk in both primary and
exercise stress testing and include unstable coronary osecondary prevention. Although an intense bout of heavy
cerebral ischemia, decompensated HF, recent aortic disseexercise transiently increases risk of a CV event, the abso-
tion, uncontrolled and malignant hypertension, unstable lute risk is very small, and the long-term benefits of regular
medical conditions (eg, active gastrointestinal bleeding or exercise clearly outweigh these risks.
severe anemia), and the inability to exercise due to muscu- In patients with established CHD, CRSP services are
loskeletal and neuromuscular disorders. grossly underused. Patients who are most likely to benefit
The most common modes of aerobic exercise are walk-include those with recent acute MI, those who have under-
ing, jogging, cycling, swimming, rowing, stair climbing, gone myocardial revascularization, those with stable an-

EXERCISE PRESCRIPTION
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gina pectoris, and probably those with compensated HF. 15. Manson JE, Hu FB, Rich-Edwards JW, et al. A prospective study of
. . . walking as compared with vigorous exercise in the prevention of coronary
Evidence suggests that CRSP programs are associated WitfL.t disease in womeN.Engl J Med1999:341(9):650-658.

increased exercise and functional capacity as well as im- 16. Lee IM, Rexrode KM, Cook NR, Manson JE, Buring JE. Physical

; iy indi iAi activity and coronary heart disease in women: is “no pain, no gain” passé?
provements in ot?esny.lndlces, plasma lipid quels, MgtS, JAMA 2001:285(11) 1447-1454,
glucose metabolism, inflammation, autonomic function, 17. Tanasescu M, Leitzmann MF, Rimm EB, Willett WC, Stampfer MJ, Hu
blood rheology, and psychological risk factors. In addition, FB. Exercise type and intensity in relation to coronary heart disease in men.

. . AMA.2002;288(16):1994-2000.
CRSP services have also been proven to reduce major C\} 18. Hakim AA, Curb JD, Petrovitch H, et al. Effects of walking on coronary

morbidity and mortality by approximately 20% to 259%. heart disease in elderly men: the Honolulu Heart Prog@intulation.

. . : 1999;100(1):9-13.
Through automatic referral and incentive-based systems, 19. Manson JE, Greenland P, LaCroix AZ, et al. Walking compared with

greater emphasis must be placed on the referral of allvigorous exercise for the prevention of cardiovascular events in wdwhen.
; ; ; Engl J Med2002;347(10):716-725.
appmpnate patlems to CRSP programs after major CHD 20. Kushi LH, Fee RM, Folsom AR, Mink PJ, Anderson KE, Sellers TA.
events. Physical activity and mortality in postmenopausal womaAMA.
1997;277(16):1287-1292.

21. Blair SN, Church TS. The fitness, obesity, and health equation: is
The authors acknowledge the excellent work of the CRSP staff a hysical activity the common denominator [editorial®MA. 2004;292(10):

Ochsner Clinic and Mayo Clinic, including physicians, exercise 1232-1234.

physiologists, physical therapists, nurses, dietitians, and secre- 22. Blair SN, Cheng Y, Holder JS. Is physical activity or physical fitness
taries, during patient care and data collection. Also, a special 28;%;;?;’;;&’&]39‘1‘9“”'”9 health benefité@d Sci Sports Exer001;33(6)
tribute is given to Gerald T. Gau, MD, a master CV disease ~ 53 Bjair SN, Kohl HW III, Paffenbarger RS Jr, Clark DG, Cooper KH,
specialist and formerly the Medical Director of the Cardiovascu- Gibbons LW. Physical fithess and all-cause mortality: a prospective study of
lar Health Clinic at Mayo Clinic, who also provided clinical and ~ healthy men and womedAMA. 1989;262(17):2395-2401.

d . hio t | of th th 24. Wei M, Gibbons LW, Kampert JB, Nichaman MZ, Blair SN. Low
academic mentorship to several of the authors. cardiorespiratory fitness and physical inactivity as predictors of mortality in

men with type 2 diabeteAnn Intern Med2000;132(8);605-611.
25. Lee CD, Blair SN, Jackson AS. Cardiorespiratory fitness, body compo-
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The Symposium on Cardiovascular Diseases will continue in the May issue.
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